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Alongslope processes Related to the action of oceanic circulation and deep bottom currents, which move the sediment
roughly parallel to the trends of continental margins. Bottom currents are generically defined as any persistent water current
flowing near the seafloor.
Carbonate mounds Seafloor elevations with different shapes, sizes and heights (generally less than 500 m), formed by
calcareous framework-building organisms. The commonly appear grouped.
Contourites Sediments and features formed or substantially reworked by bottom currents. They include depositional drifts
and erosive features such as moats, channels and terraces, and bedforms.
Contourite depositional system Group of contourite sediments and features formed under the action of bottom currents of a
particular water mass.
Deep marine areas Those physiographic domains located below the continental shelf break.
Downslope process Gravity-driven processes, which transport the sediment roughly perpendicular to the continental margins.
Glacial trough mouth sedimentary (deep marine) system Various sediments and features, such as trough mouth fans,
mass-transport deposits, valleys and turbidite systems, that develop in front of glacial trough mouths by glaciomarine and
marine (mass-transport) processes.
Hemipelagic process Settling of fine particles from submarine or subaerial sources through the water column with slow lateral
advection until deposition on the seafloor.
Mass-transport deposit Sediment deposited by gravity-driven processes. It includes 2 families: failures and mass flows, which
depend on the mechanical behavior of the transport processes.atise on Geomorphology https://doi.org/10.1016/B978-0-12-818234-5.00129-2 1
2 Deep Sea SedimentationMid-ocean channel Large distal conduit through which very large volumes of terrigenous materials are transported,
commonly by turbidity currents, along bathyal domains.
Pelagic process Settling of fine particles from submarine or subaerial sources through the water column until deposition on
the seafloor
Turbidite system Also known as a submarine fan and comprises at least four major architectural elements: large-scale erosive
elements, channels, overbank wedges and lobes.
Volcaniclastic apron Sediments and features deposited at the flanks and foothill of volcanic edifices in oceanic settings.1 Introduction
More than 70% of the Earth constitutes submarine environments hosting landforms linked to tectonic, sedimentary, oceanographic
and biological processes that configure specific seafloor geomorphic features. From the coastline to the deepest basins, different
physiographic domains can be defined; those below the continental shelf break are considered deep marine areas, where the major
accumulation of clastic sediments occurs. In general, deep marine areas are defined as depths greater than 100–200 m (Emery,
1981; Pickering and Hiscott, 2015), but in some regions, they can be deeper (500 m in Antarctica; Johnson et al., 1982) or shallower
(20 m in the western Mediterranean, Ercilla et al., 2019a).
During the last 30 years, there have been great advances in understanding modern deep sea sedimentary systems. Technological
advances in sea exploration have allowed access to remote, deep seafloor and subbottom features with improved resolution
converging with that obtained for ancient marine outcrops described offshore. The application of sequence stratigraphic concepts
and models to seismic data has permitted us to understand the importance of sea level fluctuations in the changing patterns of deep
sea sedimentation. Such influence is noted over the dominant types of sedimentary processes, the response of the allocyclic and
autocyclic processes, and the resulting morpho-architecture and stratal pattern of sedimentary systems. On the other hand, the
increase in sophisticated numerical models and experimental analysis has allowed us to answer questions about sediment transport,
deposition, reworking and redistribution. One fundamental key to understanding the onset and evolution of modern
submarine-sedimentary systems has been research through collaborative efforts between geology specialists in different disciplines
and the configuration of interdisciplinary oceanographic teams (i.e., geologists, physics, chemists, and biologists) working at a
multiscale level.
Sedimentation in deep marine environments displays two well-differentiated domains: the distal continental margin, i.e., the
continental slope and rise, and the adjacent bathyal domains. In the distal margin, the convergence of terrestrial and marine
processes occurs; this area experiences important sediment fluxes affected by a wide variety of sediment transport systems moving
the sediment alongslope and downslope toward bathyal domains (Evans et al., 1998; Weaver et al., 2000; Nittrouer et al., 2007;
Wefer, 2015). It also contains depositional environments created by sedentary colonial organisms, such as corals. The adjacent
bathyal depths (from 3000 to >6000 m) include the environments of the abyssal plains, mid-oceanic ridges, abyssal hills,
seamounts, mid-ocean channels and the still-exposed crustal fabric of the seafloor, and many of these domains represent the
final destination for much continental terrigenous sediment (mostly of fine grain size) and marine biological components and
where authigenic and hydrogenetic sediments develop (Fig. 1). These significant regional variations in sediment flux and distribu-
tion in deep marine environments result in a great variety of features that constitute the architectural elements of sedimentary
systems with distinguishing characteristics.
In this article, we offer a comprehensive overview of the main sedimentary systems defining the geomorphology of deep marine
environments from low to high latitudes. After a summary of the main sources and submarine sedimentary processes, we present
the main systems, paying special attention to their distinctive morphology, deposits and processes, followed by their main
controlling factors. The last section integrates most of the systems presented within the North Atlantic Ocean and nearby
Mediterranean to advance an eclectic view of the deep sea environment and thus define sedimentation models.2 Main sediment sources
Submarine sediments are a mixture of particles sourced from subaerial and submarine environments (Fig. 1). Subaerial sediments
are allochthonous sources of sediment mainly related to weathering and erosional processes of rocks and sediments on land.
In general, major sediment input to the oceans comes from rivers, most of which is supplied as suspended load, dissolved load and
bedload (Mulder et al., 2011). Ice masses (glaciers, ice shelves and icebergs) jointly deliver sediment load to the ocean at high
latitudes where their outwash material (glacial moraines) comes from the erosion of the hinterlands and continental shelves,
although icebergs also transport material to the sea toward mid-latitude areas (as far as 40) during their melting (Henrich et al.,
1989; Hebbeln et al., 1994). The wind supplies mostly fine material to the sea. In arid and semiarid tropical and subtropical areas,
dust supply is, by far, the most important terrigenous contribution to sedimentation. The primary source regions are the
Sahara-Sahel in northern Africa and the Gobi-Taklamakan in central Asia (Harrison et al., 2001). Coastal erosion also supplies
sediment to the sea because it induces the long-term removal of sediment and rocks due to the action of waves, currents, tides,
Fig. 1 3-D sketch of the main sediment inputs from subaerial and submarine sources. Dominant sedimentary processes and some deep marine sediments are
also shown. Modified from Mulder T, Hüneke H and Van Loon AJ (2011) Progress in deep-sea sedimentology. In: Hüneke H, Mulder T (Eds.), Deep-Sea Sediments.
Developments in Sedimentology. Amsterdam: Elsevier, pp. 1–24; Wefer G (2015) Ocean margin systems. In: Harff J, Meschede M, Petersen S, Thiede J (Eds.),
Encyclopedia of Marine Geosciences. Dordrecht: Springer, pp. 1–9.
Deep Sea Sedimentation 3wind-driven water, waterborne ice, and storms. Other sediment supplies come from volcanic activity, which involves ejection of
pyroclastic material, erosion of volcanic deposits and flank collapse of volcanic edifices (Holcomb and Searle, 1991; Allen et al.,
2012; Casalbore, 2018), and groundwater (Moore, 2010).
Submarine sediment is an autochthonous source, mainly related to biological processes, as it occurs in areas affected by
upwelling systems, which are the major sources of net primary productivity (Dunxin, 1984) (Fig. 1). Biological sources display a
gradation in relation to their main components (Seibold and Berger, 2017). Shells (e.g., mollusks, brachiopods, and foraminifera)
and skeletons of benthic organisms (e.g., sponges, corals, and algae) are found chiefly on the continental shelf; an increasing
proportion of planktonic shells occurs on the continental slope and rise; and calcareous (foraminifera, coccolithophores and
pteropods) and siliceous (diatoms, silicoflagellates, radiolarians and sponge spicules) plankton remains are the dominant sources
of sedimentation in the bathyal domains. In carbonate continental shelves, the erosion and weathering of shallow carbonated
deposits contribute to supply important volume of sediments to the adjacent deeper areas. In addition to calcareous remains,
carbonate material can result from chemical processes related to fluid seepage (Barany and Karson, 1989). The migration of
hydrocarbons (biogenic or thermogenic) drives the extrusion of fluids and sediments to the surface from coastal to deep sea
environments (Judd and Hovland, 2007). The plate tectonic and geological settings control the nature and temperature of fluids
and therefore the type of material delivered in these areas. Hydrothermal venting areas (e.g., black and white smokers) on the flanks
of spreading ridges deliver fluids rich in metals, providing an abundant supply of metals that ultimately accumulate in bathyal
sediments (German and Seyfried, 2014). In certain regions, subaqueous volcanic activity can lead to a significant input of material
in the form of lava flows and pyroclastic materials. Examples include pumice rafts, which may persist in the ocean from several
weeks to a few years or the results of submarine fountaining eruptions (White et al., 2003). Moreover, the importance of materials
that result from various processes cannot be ruled out: reworking of near-surface sediments by slope failures and bottom currents
that lead to sediment redistribution; chemical weathering of ancient deposits, as the halmyrolysis process that alters and degrades
outcrops; and mechanical pulverization, as a result of tectonic grinding provoked by frictional movements along the submarine
fault planes (Barany and Karson, 1989).3 Dominant sedimentary processes
Sediment particles are transported and deposited by different sedimentary processes, which ultimately govern the building of
sedimentary systems. Depending on how transport occurs, processes may be grouped into vertical fluxes, downslope (i.e., crossing
slopes) and alongslope processes (i.e., parallel to the regional bathymetry) (Fig. 1).
The vertical flux is related to the pelagic and hemipelagic processes that involve the direct settling and the settling with slow lateral
advection of fine particles, respectively, from submarine or subaerial sources through the water column until deposition on the
4 Deep Sea Sedimentationseafloor (Stanley, 1981; Stow, 1994) (Fig. 1). Vertical flux represents the primary background sedimentation in deep marine
environments (Evans et al., 1998). When the amount of fine sediment and organic matter is high, the suspended particles form
aggregates (i.e., flocs) that lead to faster settling (Hüneke and Henrich, 2011). The settling of a group of suspended particles when
they encounter a water mass interface forms superimposed nepheloid layers (McCave, 1986). These layers temporarily hold the
particles, moving them basinward and laterally before final deposition (Stow and Tabrez, 1998; Ercilla et al., 2016).
Downslope processes (i.e., sedimentary instabilities) mostly involve resedimentation by gravity-driven processes (Fig. 1).
Mass-transport is the term to define sedimentary instabilities without considering the mechanical behavior of the sediment or
the morphology or internal structure of the resulting deposits (Shanmugam, 2019). Based on their mechanical behavior, i.e., elastic,
plastic or viscous, different gravity-driven processes may be defined: sediment failures (slides and slumps) and sediment or mass
flows (e.g., debris flows). An important and common type of gravity-driven process in deep environments not included as
mass-transport is turbidity currents (Dott, 1963), in which sediment is mainly supported in suspension by turbulence during its
transport (Middleton and Hampton, 1973; Shanmugam, 1996) (Fig. 2A).
Alongslope processes are mostly related to the actions of oceanic circulation and deep bottom currents (Fig. 1). These currents are
generically defined as any persistent water current flowing near the seafloor (Rebesco et al., 2008). Their continuous action on the
seafloor can resuspend and advect seafloor sediments and pirate sediments from other sedimentary processes (e.g., sediment-gravity
flows). In general, bottom currents transport sediment over long distances flowing roughly along the regional bathymetry. Several
oceanographic processes can generate bottom currents; they involve semipermanent oceanographic processes such as the ocean
wind-driven and geostrophic thermohaline circulation and other less permanent or intermittent processes such as overflows, tidal
currents, internal waves, solitons, eddies, benthic storms, shelf water cascades, cyclonic waves and rogue waves (Shanmugam, 2008;
Rebesco et al., 2014; Hernández-Molina et al., 2016). These processes strongly determine fast accumulation, reworking/erosion, and
distribution of sediments in deep sea environments.4 Deep sea sedimentary systems. Deposits and processes
4.1 Mass-transport deposits
Mass-transport deposits occur in the marine environment in all geologic settings and domains and may affect all other sedimentary
systems in deep sea settings (e.g., Cruden, 1991; Hampton et al., 1996; Masson et al., 1996; Locat and Lee, 2002; Casas et al., 2015;
Shanmugam and Wang, 2015). Controlled by the mechanical behavior of the process, mass-transport deposits can be treated as
failures and mass flow deposits. Depending on the environmental energy and the capacity of the sediment to be remolded, one
failure (e.g., slump) may evolve to a mass flow (e.g., debris flow), and with increasing fluid content, a debris flow may tend to
become a turbidity current (Mulder and Cochonat, 1996; Shanmugam, 2000; Moscardelli and Wood, 2008) (Fig. 2A). However,
sediment flows may develop directly if the shear strength of the sediment is overcome. In the same way, turbidity currents may
evolve from debris flows or directly from sediment failures or may be triggered as individual events (Hizzett et al., 2018).
Mass-transport deposits may involve single or composite events with their respective flow transformations, resulting in large
mass-transport complexes affecting broad areas mainly of open slopes (Fig. 2B and Table 1).
Mass-transport deposits are scale-invariant systems that range greatly in size, up to many kilometers across, and involve up to
hundreds of cubic kilometers over thousands of kilometers (Table 1). The recognition or differentiation between the different types
is not obvious, especially if they are not or near the seafloor where their morphology may help to define the process of formation
(Fig. 2B–D). Distinguishing between two types of failure deposits (e.g., slides from slumps) may be difficult without proper seismic
profiles (Fig. 2C and D). Morphology is generally defined by the scar and slided mass (Fig. 2A). Scars represent the headwalls of
failures and are commonly defined by steep scarps with amphitheater shapes in plan view (Masson et al., 1996; Locat and Lee, 2002;
Ercilla et al., 2008) (Fig. 2A and B). While a slide is the failure of a coherent mass that moves along a planar surface and shows no
internal deformation, a slump shows a concave-up glide surface and involves rotational movements and internal deformation (e.g.,
Mulder and Cochonat, 1996) (Fig. 2). These characteristics link the slumped mass to the presence of chaotic reflections and the
occurrence of extensional (normal faults) and compressional features (folds and thrusts) affecting the proximal and distal reaches of
the sliding material, respectively.
Mass flow deposits can be divided into cohesive (e.g., mudflows and debris flows) and noncohesive deposits (grain flows)
depending on the amount of fine-grainedmatrix (Mulder and Alexander, 2001). Commonmass flow deposits are debrites (Fig. 2A).
They may be recognized in sediment samples (poorly classified, with or without trends and with variable grain sizes) and in seismic
profiles (Fig. 2D). Depositional facies may vary, depending on whether the deposit is mud-rich, sand-rich or mixed (including
floating or rafted clasts). Debrites generally appear as incoherent lens-shaped deposits (transparent or chaotic seismic facies)
bounded by irregular surfaces that can become erosive, truncating the underlying sediment. When the transport process stops in
the early stages of the transition from a coherent mass (failure) to an incoherent sediment flow, the depositional facies can show
composite characteristics. Debris avalanches are another important type of mass flow deposits, usually linked to deep rotational
failures in volcanic environments. They involve large volumes of material that breaks into smaller blocks; they have an irregular
blocky character where the blocks are randomly distributed and are seismically recognized by diffractive, prolonged hyperbolic and
chaotic acoustic reflections (Masson et al., 2002).
Turbidites can be defined by sediment samples or deduced (e.g., distal end members in deep areas affected by mass-transport
deposits, sheet-like turbidites and megaturbidites) by stratified reflections with high acoustic amplitudes and lateral continuity and
Fig. 2 Mass-transport deposits. (A) 3-D sketches illustrating the main processes: slumps, mass flows and turbidity currents. Inspired by Highland and Bobrowsky
(2008) and Shanmugam et al. (1993). (B) Multibeam bathymetry of the Gebra-Magia complexes on the lower continental slope of the Antarctic Peninsula (Central
Bransfield Basin). The main features are scars (headwalls and sidewalls) and debris flow deposits with the presence of blocks. (C) Seismic subbottom profile
displaying slides and scars. (D) Seismic subbottom profile displaying stratified turbidites, debris flow deposits, slumps and scars. Locations of profiles in B.
(B) Modified from Casas D, García M, Bohoyo F, et al. (2018a) The Gebra–Magia complex: Mass-transport processes reworking trough-mouth fans in the Central
Bransfield Basin (Antarctica). Geological Society of London, Special Publication 461: 61–75. (D) Modified from Casas D, Ercilla G, García M, et al. (2013) Post-rift
sedimentary evolution of the Gebra Debris Valley. A submarine slope failure system in the Central Bransfield Basin (Antarctica). Marine Geology 340: 16–29.
Deep Sea Sedimentation 5by prominent transparent layers bounded at the base by a relatively high acoustic amplitude surface (Hieke and Werner, 2000;
Reeder et al., 2000; Ercilla et al., 2008) (Fig. 2D). Turbidites are deposited by settling and usually display a vertically graded layered
pattern roughly defining the Bouma sequence (Bouma, 1964; Kuenen and Humbert, 1969; Kneller and Branney, 1995).
Table 1 Major morphological characteristics of different types of mass-transport deposits (MTD).
Name References Runout (km) Volume (km3) Process Location
Storegga Slide Jansen et al. (1987) and Haflidason et al.
(2005)
810 2400–3500 Slide, slump, debris flow NE Atlantic
Canary debris flow Masson et al. (1997) 600 400 Debris flow NE Atlantic
Dakar slide Meyer et al. (2012) 100 1000 Slide NE Atlantic
Agadir Talling et al. (2007) 450 125 Slide, debris flow, turbidite NE Atlantic
Sahara slide Krastel et al. (2012) 900 600 Slide, debris flow NE Atlantic
Retriever slide—Georges
Bank
Chaytor et al. (2012) 62 30 Slide, debris flow NW Atlantic
Tampen slide Solheim et al. (2005) 200 1400 Slide, slump, debris flow NE Atlantic
Oregon MTD McAdoo et al. (2000) 22 42.5 Mass transport NW Atlantic
Raukumara slump Lamarche et al. (2008) 100 1400 Slump SW Pacific
Slump complex T30 Frey Martinez et al. (2005) 100 1000 Slump E Mediterranean
Rebelde slide Ashabranner et al. (2010) 36 54 Slide, slump SW Atlantic
Palos Verdes debris
avalanche
Lee et al. (2004) 10 0.72 Debris avalanche NE Pacific
Agulhas slump Dingle (1977) 137 20,331 Slide, slump SE Atlantic
Big 950 Ebro Urgeles et al. (2003) 110 26 Debris flow NW
Mediterranean
Santa Marta MTD Leslie and Mann (2016) 260 5255 Slide SW Caribbean
Monterey Canyon Paull et al. (2018) >50 Turbidite NE Pacific
Congo Canyon turbidites Azpiroz-Zabala et al. (2017) 170 5  10−3 Turbidites (several events per
year)
E Atlantic
Bed 5 megaturbidite Wynn et al. (2010) 550 130 km3 Turbidite event NE Atlantic




Reeder et al. (2000) >400 400 km3 Turbidite event SE
Mediterranean
6 Deep Sea SedimentationUnderstanding the geomorphological role of mass-transport processes in seascape evolution needs insights into self-organizing
system (SOC) concepts. Regional inventories and magnitude-frequency relationships, including events triggered over a long period
of time, would provide critical information (Casas et al., 2016).4.2 Turbidite systems
Turbidite systems, also known as submarine fans, are downslope systems built mainly by turbidity currents and other mass flows
(Fig. 3A). Turbidite systems can be found on the continental margins and adjacent bathyal domains in most oceans and seas; such
systems range greatly in size, up to many kilometers across (Table 2) (Kolla and Coumes, 1987; Middleton, 2003). Their
morphosedimentary analysis involves four major geomorphic elements: large-scale erosive elements, channels, overbank wedges
and lobes (Mutti and Normark, 1987) (Fig. 3A).
The large-scale erosive elements are basically submarine canyons (Normark et al., 1993) (Fig. 3A and B). Canyons are deeply
incised, mostly into the bedrock, features with varying dimensions (lengths of a few to hundreds of kilometers; reliefs of tens of
meters to a few kilometers) (Scholl et al., 1970; Normark and Carlson, 2003; Savoye et al., 2009; Ercilla et al., 2019a). Canyons
control the locations of turbidite systems and remain throughout their lifetimes. The dominant sedimentary processes are
mass-transport (e.g., debris flows) and turbidity currents, which deposit and transport along the canyon a great variety of textures
from boulders or gravels to muds (Farre et al., 1983; Mulder et al., 2003; Bozzano et al., 2009; Normark et al., 2009; Ercilla et al.,
2019a). The canyon-fill deposits are seismically recognized by their high acoustic amplitudes, the chaotic character of their
reflections and cut-and-fill features (Flood et al., 1991; Alonso and Ercilla, 2002) (Fig. 3B).
Beyond canyon mouths, channels develop with smaller widths (a few kilometers) and relief (meters) but with generally longer
lengths than canyons (Fig. 3A, C and F). Channel pathways are variable, from rectilinear channels typically associated with
coarse-grained deposits to highly sinuous channels common with fine-grained sediments (Reading and Richards, 1994; Bouma,
2004) (Fig. 3C and F). Two main channel types can be characterized: main channels, with long lifespans, and distributary channels,
with shorter lifespans (Flood et al., 1991) (Fig. 3A and F). The main channel evolves directly from the feeding canyon and
commonly displays levees that are well developed in muddy systems (Reading and Richards, 1994; Mulder and Zaragosi, 2006)
(Fig. 3C). As the main channel evolves downslope, its dimensions diminish, and it branches out by avulsion processes, evolving
into distributary channels with different orders of magnitude and levees that are slightly or not at all developed (Kolla, 2007;
Babonneau et al., 2010; Picot et al., 2016) (Fig. 3A, C–E). The dominant sedimentary processes in the channels are turbidity currents
Fig. 3 Turbidite systems. (A) 3-D sketch showing the main architectural elements defining a turbidite system in plan view. The cross-sectional vertical profiles of
their near-surface sediments (circles) are also shown. (B–E) Seismic profiles showing the typical depositional pattern and seismic facies of the canyon (B), the leveed
(overbanked) main channel (C), and proximal (D) and distal (E) distributary lobe. Each element also shows the sediment texture that may be encountered. (F) Some
plan view models of large- and small-scale turbidite systems. References for these systems may be found in Table 2 and Kolla and Coumes (1987).
Deep Sea Sedimentation 7and related sediment-gravity flows, depositing mostly coarse to fine sediments that appear in seismic records as high-amplitude
chaotic and discontinuous stratified facies (Normark, 1978; Pirmez et al., 1997; García et al., 2015) (Fig. 3C).
Overbank wedges develop on both margins of the channels (Fig. 3A and C). Morphologically and seismically, these wedges are
recognized by the levees bordering the channels and the wedge-shaped cross-sections (Damuth and Flood, 1985; Alonso et al.,
1990). The wedges form by the overbanking or overspilling of fine material transported in suspension by turbidity currents traveling
along the channel (Piper and Normark, 1983; Hay, 1987; Peakall et al., 2000; Mulder, 2011). These processes contribute to
removing fine material from those currents, making flows coarser downchannel. The levee relief progressively decreases both
laterally and downchannel, from hundreds to a few meters (Fig. 2C and D). Deposits are generally formed by a succession of
well-layered fine-grained turbidites with great lateral extent that are seismically recognized by their clear stratified facies (Migeon
et al., 2006; Ercilla et al., 2008; Hansen et al., 2015).
Lobes develop in the distal reaches of the turbidite systems, from the main leveed channel mouth or the channel-lobe bypass
area (Normark et al., 1993) (Fig. 3A and F). Lobes have lowmound morphology with lengths from a few to tens of kilometers. They
commonly display distributary channels progressively fading away toward an unchannelized domain at the fringe of the lobe
complex (Reading and Richards, 1994). Lobes are internally characterized by lateral and vertical compensational stacking with
different hierarchical levels of channelized lenticular bodies evolving to sheet-like deposits at the distal fringes (Mulder and Etienne,
2010; Zhang et al., 2020) (Fig. 3D and E). This stacking contributes to the building of morphosedimentary bulges, typically general
with fan and lobate shapes in plan view (Bouma et al., 1985; Estrada et al., 1997; Covault and Romans, 2009) (Fig. 3A and F); an
exception occurs in bathyal basins where lobes contribute to infilling, transforming basins into flats (Cremer et al., 1985; Ercilla
et al., 1998a; Arzola et al., 2008). The lobes are affected by erosive (proximal domain) and depositional (distal domain) processes
due to the action of confined and unconfined turbidity currents and related mass flows whose energy and competency decrease
when the gradients decrease (Migeon et al., 2010; Zhang et al., 2020). Modern lobes are characterized by the alternation of fine- to















Navy Piper and Normark (1983) T 25/25 560 Triangular Sand rich E Pacific
Shelf-slope-basin
<100–1800 m














Ebro Alonso et al. (1990) P 60/60 5000 Rectangular Mud-sand rich W Mediterranean
Shelf edge-slope-through
<200–2800 m
Almeria Ercilla et al. (2019a) TA 123/25 3075 Lobate
Elongate
Mud-sand rich W Mediterranean
SB-slope-base of
slope-basin
90 to 1900 m
Magdalena Ercilla et al. (2002) and
Idárraga-García et al. (2019)
AM 450/550 237,000 Triangular Mud rich SW Caribbean
Shelf-slope-rise <100 to
4250 m
Agadir Ercilla et al. (1998a) PM 690/185 127,650 Elongate Mud rich NE Atlantic
SB -slope-rise-intraslope
basin <150 to 4450 m
Orinoco Callec et al. (2010) AM 900/600 500,000 Curved
lobate
Mud rich NW Atlantic
SB-slope-rise-abyssal plain
100/200 to 5000 m
Bengal Curray et al. (2002) and
Fournier et al. (2017)
TA 3000/1000 3.000.000 Elongated Mud rich Indian Ocean
SB-slope-rise-abyssal plain
<50–5000 m
TA, tectonically active margin; T, transform margin; P, passive margin; AM, active margin; SB, shelf break.
8 Deep Sea Sedimentationcoarse-grained deposits in the area dominated by distributary channels and by thick sand layers at their mouths, which alternate
with muddy sediments at the lobe fringe (Pickering et al., 1986; Gervais et al., 2006; Migeon et al., 2010). These sediment-gravity
flows may interact with high-energy bottom currents that contribute to the elutriation of their finer fraction, leading to lobes
dominated by coarse-grained sediments, lateral shifts in their deposits and the presence of interbedded mixed (hybrid) or
contourite deposits (Faugères et al., 1999; Mulder et al., 2008; Ercilla et al., 2019b).
All the features that make up a turbidite system interact to build different sedimentary architectures that depend on the
characteristics of the sediment-gravity flows that feed the system. These flows determine lengths, widths, pathways, degree of
development, avulsion processes, and lateral relocations of the canyons, leveed channels and lobe deposits (Shanmugam and
Moiola, 1988; Richards et al., 1998; Kenyon et al., 2000) (Fig. 3F).4.3 Contourites
Contourites are sediments deposited or substantially reworked by the persistent action of bottom currents (i.e., alongslope
processes). Contourites consist of depositional and erosive features. Depositional ones comprise mounded bodies (i.e., contourite
drifts) with great heights (up to 2 km) and long lengths (up to hundreds of kilometers) and erosional elements with lengths of
hundreds of meters to tens of kilometers (Rebesco et al., 2014) (Table 3 and Fig. 4A and B). They are basically found in all oceanic
basins (Hernández-Molina et al., 2008a,b). Contourite features that develop under the action of a particular water mass form large
systems named contourite depositional systems (Hernández-Molina et al., 2016). The contourite drifts are seismically recognized
by their well-layered deposits with internal unconformities and aggrading (sheeted drifts) and prograding (mounded drifts)
stacking patterns (Fig. 4A and B). The drift geometries are determined by the geomorphological context, bottom current dynamics,
sediment supply and interactions with local seafloor morphology. These geometries include sheeted, elongated-mounded, plas-
tered, confined, and channel-related drifts (Stow and Faugères, 2008; Rebesco et al., 2014; Ercilla et al., 2016; Esentia et al., 2018)
Table 3 Major morphological characteristics of the different types of contourite drifts and their physiographic locations in various geographic settings.
Drift type Name References Length (km) Width (km) Area (km2) Location/Environment
Separated Cadiz Hernández-Molina et al. (2006) 24–45 10–30 240–1350 NE Atlantic
Upper/middle slope
Le Danois Liu et al. (2019) 42 4–11 242 NE Atlantic
Upper slope
Capo Vaticano Martorelli et al. (2016) >10 <10 – Mediterranean
Upper slope
Eirik Müller-Michaelis et al. (2013) 300 70 21,000 NW Atlantic
Slope and rise
Blake-Bahamas McCave and Tucholke (1986) 600 100 60,000 NW Atlantic
Abyssal plain
Detached Gardar Hassold et al. (2006) 1000 130 130,000 NE Atlantic
Basin
Sines Teixeira et al. (2019) 98 35 2311 NE Atlantic
Middle slope
Plastered Ceuta Ercilla et al. (2016) <40 20 <800 W Mediterranean
Slope platform
Pianosa Miramontes et al. (2018) 120 10 1200 Mediterranean
Upper slope
Bahia Blanca Ercilla et al. (2019a) >100 80 – SW Atlantic
Upper/middle slope
Faro-Albufeira Llave et al. (2001) 30 20 600 NE Atlantic
Middle slope
Sheeted Brazilian Basin Viana et al. (1998) 100 <100 <10,000 SW Atlantic
Abyssal plain
Argentina Basin Faugères and Mulder (2011) 500 100 50,000 SW Atlantic
Abyssal plain
Confined Sumba Faugères et al. (1993) – – >1000; <10,000 SE Pacific
Confined basin
Channel-related Alboran Trough Ercilla et al. (2016) 10 <5 <50 W Mediterranean
Slope
Deep Sea Sedimentation 9(Fig. 4A and B). Sheeted drifts are characterized by broad deposits with low relief and are typical of abyssal plains.
Elongated-mounded and separated drifts develop essentially along continental margins and bathyal domains at the bases of
steep slopes and are separated from these slopes by a moat. Plastered drifts are small to large elongated- and low-mounded deposits
normally found along slopes, contribute to building out large extensions of continental slopes and form along the walls of
seamounts and ridges in bathyal domains (Preu et al., 2013; Juan et al., 2016, 2018). Confined drifts correspond to mounded
deposits infilling confined small basins or troughs; they are bounded by two distinct moats and elongated with respect to the axes of
basins and troughs. Channel-related drifts correspond to patch drifts that occur in narrow gateways and channels. On the other
hand, the principal erosional elements include contourite channels, marginal valleys, moats, abraded surfaces, and erosional
terraces (García et al., 2009a; Martorelli et al., 2011; Hernández-Molina et al., 2014) (Fig. 4A and B). In addition to large-scale
elements, a range of small-scale erosional and depositional bedforms, ranging in size from centimeters (e.g., ripples) to kilometers
(e.g., sediment waves and furrows), can be present, providing additional information on current speed and direction (Stow et al.,
2009; Masson et al., 2010).
The various settings of contourite accumulation determine a range of lithologies in their deposits, which encompass variable
grain sizes (from clays through silts and sands to gravel) and compositions (siliciclastic, bioclastic, volcanic and chemogenic; Stow
and Faugères, 2008; Rebesco et al., 2014). Contourites are often poorly sorted deposits intercalated with thin horizons of
fine-grained sand and silt in rhythmic bedding deposits (Stow et al., 2002; Rebesco et al., 2014). There are essentially three main
types of contourite deposits in terms of sediment texture: muddy, silty and sandy contourites (Alonso et al., 2016; Shanmugam,
2017; Brackenridge et al., 2018; Martorelli et al., 2021) (Fig. 4B and C).
Contourite depositional systems cover large areas of deep environments, and their development consequently exerts great
impact on submarine morphosedimentary evolution (e.g., Ercilla et al., 2016; Juan et al., 2016, 2020) (Fig. 4A). In particular, on
continental slopes, contourites may also interact with turbidites, forming mixed alongslope and downslope systems (Mulder et al.,
2008; Martorelli et al., 2016; Teixeira et al., 2019; Ercilla et al., 2019c).4.4 Volcaniclastic aprons
Large amounts of volcaniclastic deposits, often deposited over short timespans, are sourced mainly from volcanic activity in island
arcs, back-arcs, etc. (e.g., Fisher and Schmincke, 1984; Carey and Schneider, 2011). This activity is accompanied by widespread
Fig. 4 Contourites. (A) Seismic-hydrographic intersections of the margins and basins of the Alboran Sea in the western Mediterranean displaying types of
contourite features and water masses. Color-coding: temperature (C) and salinity (practical salinity units, psu). The black vertical lines within the water column
show the water depth to which the CTDs (acronym for Conductivity, Temperature, and Depth measures) used to characterize the water masses based on
temperature and salinity were lowered. Water masses: AW, Atlantic Water; WIW, Western Intermediate Water; LIW, Levantine Intermediate Water; WMDW, Western
Mediterranean Deep Water. (B) Schematic representation of the depositional pattern of the Plio-Quaternary Faro drift (Northeastern Atlantic), elongated separated
type, showing some of the lithological sequences that characterize it. (A) Modified from Ercilla G, Juan C, Hernández-Molina FJ, et al. (2016) Significance of bottom
currents in deep-sea morphodynamics: An example from the Alboran Sea. Marine Geology 378: 157–170; (B) modified from Alonso B, Ercilla G, Casas D, et al.
(2016) Contourite vs gravity-flow deposits of the Pleistocene faro drift (Gulf of Cadiz): Sedimentological and mineralogical approaches. Marine Geology 377: 77–94.
10 Deep Sea Sedimentationmass-transport processes, ranging through different spatial and temporal scales and representing very efficient mechanisms for the
transport of volcanic material to the lower slopes and foothills of volcanic edifices (Boudon et al., 2007; Le Friant et al., 2020;
Casalbore et al., 2020a) (Fig. 5). The accumulation of this material greatly contributes to the growth of insular volcaniclastic aprons
(e.g., Menard, 1956), commonly defined acoustically by chaotic, discontinuous stratified, hyperbolic and prolonged facies (Masson
et al., 1997; Casalbore, 2018; León et al., 2019).
The main geomorphic features characterizing modern volcaniclastic apron systems comprise volcanic, volcano-tectonic and
erosive-depositional features (e.g., Casalbore, 2018; Casas et al., 2018b; and reference therein). The volcanic features include
primary constructional features, such as cones, lava flows, and bedrock outcrops (Fig. 5A). The volcano-tectonic features include
caldera and sector collapses (these are transitional between volcano-tectonic and erosive-depositional features). The latter are able
to suddenly transport impressive amounts of material in volcaniclastic aprons and bathyal plains, affecting large areas with
estimated volumes up to thousands of cubic kilometers (Moore, 1964; Mitchell et al., 2002; León et al., 2019). Moreover,
subaerial-submarine depressions (Fig. 5B) caused by sector collapses can act as channels for the successive transfer of material
from coastal to deep water, produced either by the rearrangement of the slope or by the formation of new vents within the scar, due
to the sudden depressurization of the plumbing system.
Erosive-depositional features commonly cover most parts of volcanoclastic aprons, as volcanic edifices are prone to instability
because of oversteepening stress fields caused by ascending magma and hydrothermal activity that decreases the shear strength of
the material. These features are highly variable in size and morphology, resulting from a large spectrum of sedimentary processes
acting at different magnitudes and time scales (Fig. 5). These processes are mainly driven by gravity and contribute to the
development of mass-transport deposits, gullies, canyons/channels, and bedforms. Specifically, gullies and mass-transport deposits
are commonly found in the upper and steeper parts of submarine volcanic flanks (Fig. 5A), where mass-wasting processes are often
retrogressively organized due to the upward migration of slope failures (Casalbore, 2018). Downslope, these gullies merge into
Fig. 5 Volcaniclastic aprons. 3-D multibeam bathymetric images of the Stromboli volcanic edifice in the southern Tyrrhenian Sea (central Mediterranean)
displaying the main morphosedimentary features that characterize the SW constructional flank (A) and the E collapsed flank (B). IS: Insular shelf.
Deep Sea Sedimentation 11wider channels or canyons (Fig. 5). At the base of these features, where slope gradients decrease, fan-shaped deposits and bedforms
can be found. Remarkable fields of large-scale bedforms have been recognized in several volcanic edifices and recently interpreted as
upper flow regime bedforms by different authors (for a review of these features, refer to Casalbore et al. (2020b)).
Two endmembers can be defined for the growth of a volcaniclastic apron, i.e., constructional and collapsed flanks (Mitchell
et al., 2002). In collapsed flanks (Fig. 5B), subaerial and submarine slopes are directly linked, and the latter are mostly characterized
by redeposited volcaniclastic sediments, with a chaotic arrangement of debris avalanches and other sediment-gravity flow deposits.
Additionally, the dismantling of caldera-infilling deposits such as at Vulcano (Romagnoli et al., 2012) or the development of large
canyons, such as at Lipari Island (Casalbore et al., 2018), especially if connected with large rivers, such as at Reunion (Sisavath et al.,
2011), can lead to the formation of volcaniclastic fans composed of vertically stacked sediment-gravity flow deposits. In contrast to
collapsed flanks, constructional flanks (Fig. 5A) show a higher ratio between primary and redeposited volcaniclastic sediments, and
they are characterized by insular shelves that modulate volcaniclastic input to the deeper sectors between glacial and interglacial
periods. This situation also allows a more “ordered” distribution of facies, as they are mainly controlled by the presence of volcanic
outcrops intermixed with areas where hemipelagic sedimentation dominates and with channelized features where volcaniclastic
material is prevalent.4.5 Glacial trough mouth sedimentary (deep marine) systems
In high-latitude glaciomarine deep-environments, the main morphosedimentary features occur at the mouths of transverse and
oblique glacial troughs that cross the continental shelf to the shelf break. There, a variety of features, such as trough mouth fans,
complexes of mass-transport deposits, valleys and turbidite systems, shape the continental slopes, rises and adjacent bathyal
domains (e.g., García et al., 2009b; Pedrosa et al., 2011) (Fig. 6A). This variability seems to be related to regional seafloor gradients,
ratios of glacigenic mass flows to meltwater sedimentation, and sediment sources (nature and sediment supply) of the grounded
continental shelf (Ó Cofaigh et al., 2013).
Trough mouth fans are considered debris fans composed of glacigenic sediments released more or less continuously from the
grounding lines of ice streams excavating glacial troughs when they reach the shelf break (Vorren et al., 1988). Sediments are also
delivered from the melting of floating ice-shelve bases (Fig. 6A and B). Following their primary deposition, glacigenic sediments are
moved downslope and redeposited mainly by debris flows. They redistribute sediment spreading out laterally to form well-defined
3-D protrusions on the seafloor (Alley et al., 1989; Vorren and Laberg, 1997; Ó Cofaigh et al., 2004). In fact, they mostly contribute
to the building out and progradation of distal continental margins and the infilling of adjacent bathyal plains (Vorren and Laberg,
1997; Taylor et al., 2002; García et al., 2008; Casas et al., 2013) (Fig. 6A and B). Trough mouth fans vary in size, typically
103–105 km2 in area and 104–105 km3 in volume. Their sedimentary architecture commonly consists of the vertical stacking of
glacigenic debrites deposited during glacial periods, interbedded with thinner layers of mostly hemipelagites and plumite clays
(frommeltwater plumes) accumulated during interglacial periods (Dowdeswell et al., 2002; Lucchi et al., 2013). Individual debrites
are up to approximately 50 m thick, a few kilometers wide and extend as far as 200 km down the slope (Dowdeswell et al., 1996;
King et al., 1996; Taylor et al., 2002). Sediments are characterized mostly by sandy and muddy matrix-supported diamictons
composed of pebbles and cobbles, with intercalated thin mud layers (Casas et al., 2004; García et al., 2011). Glacigenic debrites
commonly comprise finer grain size sediments in the Arctic than in the Antarctic (Gales et al., 2019). On the upper continental
slope, the seafloor is commonly affected by iceberg-keel plough marks (Woodworth-Lynas et al., 1991) (Fig. 6D). These features
represent rectilinear to curvilinear depressions formed by the plowing action of drifting icebergs and sea-ice ridges where they
impinge upon the seafloor (Fig. 6A and D).
Fig. 6 Glacial trough mouth (deep marine) sedimentary systems. (A) 3-D sketch showing the morphosedimentary features that develop off the mouths of glacial
troughs on high-latitude continental margins. MTDs, complexes of mass-transport deposits. (B) Multibeam bathymetric map of the Central Bransfield Basin (at the
northern tip of the Antarctic Peninsula) showing some of these features. (C) Multibeam bathymetry of the upper continental slope on the northwestern Barents
margin, showing multiple slides. The white line represents the topographic cross-sectional profile a-a0. (D) Multibeam bathymetry on the distal edge of the
Storfjorden glacial trough (Barents Sea) showing iceberg-keel plough marks; the yellow arrows point to large multikeeled iceberg plough marks (MKIP). The cross
section of one of them is shown by the subbottom profile b-b0. (E) Multibeam bathymetry of the continental slope of the Central Bransfield Basin, showing turbidite
channels. Seismic profile c-c0 illustrates their cross-sectional morphology and erosive character incising the seafloor sediments. AP, Antarctic Peninsula.
(F) Multibeam bathymetric map of the Central Bransfield Basin displaying multiple gullies eroding the lower slope. The black line represents the topographic
cross-sectional profile d-d0. (B) Modified from García M, Ercilla G, Alonso, B (2009b) Morphology and sedimentary systems in the Central Bransfield Basin, Antarctic
Peninsula: Sedimentary dynamics from shelf to basin. Basin Research 21: 295–314. (C and D) Modified from Pedrosa MT, Camerlenghi A, De Mol B, et al.
(2011) Seabed morphology and shallow sedimentary structure of the Storfjorden and Kveithola trough-mouth fans (North West Barents Sea). Marine Geology 286:
65–81. (E) Modified from García M, Ercilla G, Alonso B (2009b). Morphology and sedimentary systems in the Central Bransfield Basin, Antarctic Peninsula:
Sedimentary dynamics from shelf to basin. Basin Research 21: 295–314.
12 Deep Sea SedimentationComplexes of mass-transport deposits play a significant role in the redeposition of glaciomarine sediments (Hühnerbach et al.,
2004; Evans et al., 2005) (Fig. 6B and C). These complexes extend thousands of square kilometers in area, formed by thousands of
cubic kilometers of sediment displaced basinward (Dowdeswell et al., 2016). The Storegga, Traenadjupet, Andøya and Hinlopen
complexes on the Norwegian and Svalbard margins (Taylor et al., 2002; Vanneste et al., 2006; Laberg et al., 2007) and the
Gebra-Magia complexes in the Central Bransfield Basin (Fig. 2B), Antarctic Peninsula, are good examples (Casas et al.,
2013, 2018a).
Deep Sea Sedimentation 13Submarine valleys and related turbidite systems are also common features at high latitudes (Laberg et al., 2007; García et al.,
2016; Ó Cofaigh et al., 2013; Casas et al., 2018a) (Fig. 6A, B, E and F). Canyons, both shelf-indenting and blind, range greatly in size
and morphology and are characterized by low sinuosity and large spacing between them (Harris and Whiteway, 2011). They are
commonly formed by a combination of mass-transport processes, with turbidity currents predominant. These currents can also be
formed by subglacial meltwater turbid layers sourced from ice streams at the shelf break (Hesse et al., 1999) and from large volumes
of fresh meltwater that are discharged to the continental slope (Bellwald et al., 2020). In addition to canyons, extensive networks of
gullies (kilometers in length, tens to a few meters in relief ) whose heads are located at the shelf break and distributary leveed
channels that form lobes (several kilometers wide, tens of meters in relief ) have beenmapped; these gullies and channels are mostly
developed by turbidity currents crossing continental slopes and rises (Dowdeswell et al., 2004; Escutia et al., 2005; Gales et al.,
2013; García et al., 2016) (Fig. 6A, B and F).4.6 Carbonate mounds
Carbonate mounds are seafloor elevations of different shapes, sizes and heights (generally less than 500 m) formed by a variety of
calcareous framework-building organisms (Hebbeln and Samankassou, 2015) (Fig. 7). Modern carbonate mounds, also known as
“bathyal carbonate mounds,” are mostly located from the external shelf (in temperate and 60–70 high latitudes) to the continental
slope (generally from 200 to 1000 m). Their global distribution is still poorly documented outside the North Atlantic (Mienert
et al., 2004; Wheeler et al., 2007; Henriet et al., 2014; Hebbeln and Samankassou, 2015; Hebbeln et al., 2016) (Fig. 7A).
Carbonate mounds can be circular to oval, arcuate to V-shaped, elongated to linear and irregular to multipeaked, with heights
from a few meters to impressive values of >300 m in height, which are considered “giant mounds” (i.e., Porcupine Seabight,
Ireland) (Freiwald and Roberts, 2005; Henriet et al., 2014; Hebbeln et al., 2016; Sánchez-Guillamón et al., 2018) (Fig. 7B). They can
have lateral extents spanning from tens to thousands of meters and are commonly grouped in patches, clusters or fields composed
of a few, dozens or thousands of mounds, respectively, and are aligned or irregularly distributed depending on the structural,
sedimentary and hydrodynamic regime of the study area (Henriet et al., 2014; Hebbeln and Samankassou, 2015; Hebbeln et al.,
2019) (Fig. 7A and B). Carbonate mounds are frequently exposed to depositional, transport, winnowing and erosive sedimentary
processes, including bioerosion, which modulate their seafloor appearance (Fig. 7C and G). They can be totally exposed or partly
covered by contourite drift deposits, even showing a near-total buried morphology (Fig. 7C) (Henriet et al., 2014; Hebbeln and
Samankassou, 2015; Hebbeln et al., 2016). Seismically, their internal structures generally display transparent facies with internal
discontinuities, vertical and/or lateral stacks, which imply different generations or intermittent growth; then, these discontinuities
seem to represent hiatal surfaces (Roberts et al., 2006; Wienberg et al., 2010; van der Land et al., 2014; Hebbeln and Samankassou,
2015) (Fig. 7C).
The classification of carbonate mounds has to consider not only the depth range of occurrence, the framework-building
organisms and the environmental conditions but also the age of formation because these factors modulate the characteristics and
morphological structures of such mounds. The majority of carbonate mounds consist mostly of colonial reef-forming cnidarians
(generally scleractinians as well as stony hydrozoans and octocorals) (e.g., Madrepora oculata and Lophelia pertusa) (Fig. 7D and E),
sponges, bryozoans and, in some cases, macroalgae (e.g., rhodoliths) (Fig. 7F). The initial stage of carbonate mounds seems to be
triggered by the availability of hard substrates needed for the settlement and development of calcareous reef-forming organisms
(Riding, 2002; Roberts et al., 2006; Henriet et al., 2014; Hebbeln and Samankassou, 2015) (Fig. 7G). These hard substrates come, in
many cases, from seepage methane-derived authigenic carbonates or other bacterial-induced aggregates, rocks transported from the
shelf or seafloor edifices, and accumulation or exhumation of bioclastic debris and deposits, among others (Henriet et al., 2014;
Hebbeln and Samankassou, 2015). Their combination allows differentiating (1) matrix-supported reefs (e.g., cluster reefs and
segment reefs), (2) skeleton-supported reefs (e.g., frame reefs), and (3) cement-supported reefs (e.g., cement reefs) (Riding, 2002).
Carbonate mound development relies on the fact that most of the organisms receive an external food supply coming down from the
surface or laterally transported close to the seafloor (Freiwald and Roberts, 2005; Roberts et al., 2006). Further, the sediment supply
(either hemipelagic or contouritic) is entrapped when passing through the coral framework but with the general rule that carbonate
mound development must be faster than the background sedimentation rate to avoid mound burial (Hebbeln et al., 2016). These
requirements of sufficiently high surface water productivity (i.e., food) and sediment are closely associated with the presence of
turbulent hydrodynamic environments (current regimes sometimes >50 cm s−1) (Mienis et al., 2009; Roberts et al., 2009; Hebbeln
and Samankassou, 2015) (Fig. 7G).4.7 Other systems in bathyal domains
Many of the previously discussed sedimentary systems whose distal domains end in abyssal domains, encounter and interact with
other (bathyal) sedimentary systems, such as pelagites and hemipelagites, mid-ocean channels and polymetallic sediments
(nodules and crusts) (Fig. 8).
Pelagites and hemipelagites are sediments deposited at abyssal depths by settling (Figs. 1 and 8A). When deposited in open water
under oxygenated conditions, hemipelagites are completely devoid of primary sedimentary structures but mottled and highly
bioturbated (Stow and Tabrez, 1998). In contrast, when deposited in poorly oxygenated or completely anoxic waters, weak to
well-developed parallel lamination is preserved, and bioturbation is rare or absent (Kemp, 1990; Brodie and Kemp, 1994; Stow and
Tabrez, 1998). A special case of these types of sediments is the so-called abyssal red clays (because they contain oxidized iron),
Fig. 7 Carbonate mounds. (A) Global distribution of carbonate mound provinces (mainly formed by cold-water corals) (Roberts et al., 2006) with some bathymetric
and backscatter map examples along the Atlantic Ocean. (B) 3-D multibeam bathymetric map of the Málaga mounds (Alboran Sea, W Mediterranean) showing the
main morphological characteristics. (C) Seismic subbottom profile showing the internal structure of some exposed mounds as well as buried mounds located at
different horizons at the Málaga mounds (profile location shown in B). (D) A living Lophelia colony attached to a fossil coral skeleton in the Timiris mound complex
(Mauritanian coral mound province) (Wienberg et al., 2018). (E) Black coral (Leiopathes sp.) with associated crabs from the Twin Mounds at Porcupine Bank (Roberts
et al., 2006). (F) Fossil rhodolith hardground located in the Málaga mounds (station location shown in B). (G) 2-D simplified sketches of the main types of carbonate
mound stages and 3-D schema showing recent and buried carbonate mounds affected by different constructional and depositional processes associated with
mound growth and evolution. Based on Mienert J, Weaver P, Berné S, et al. (2004) Overview of recent, ongoing, and future investigations on the dynamics and
evolution of European margins. Oceanography 17: 16–33.
Fig. 8 Sedimentary systems in bathyal domains. (A) General 3-D sketch of the main features of bathyal systems also showing the different types of sediments that
may be encountered. Arrows represent hypothetical circulation of water masses. The sediment core on the left side shows different sedimentary stacking lithofacies.
Pictures in circles at the top display the most common sediment particles observed in the different types of bathyal sediments and a photograph of a hand specimen
of a polymetallic crust taken from a seamount summit (on the right). (B) Distribution of the main mid-ocean channels. (C) Two types of mid-ocean channel ends, with
and without fans. (D) Seismic profiles crossing the Valencia mid-ocean channel (western Mediterranean) showing the typical morphosedimentary features of
erosive-depositional and erosive channels. (E) Selected photographs of sediments from the Valencia mid-ocean channel to show the different sediment types:
(1) hemipelagites (H), turbidite muds (Tm) and turbidite silts (Tsi); (2) channel floor with turbidite sands (Ts); and (3) channel floor with slumped deposits (S).
(A) Redrawn and modified from Hernández-Molina FJ, Maldonado A, Stow DAV (2008a) Abyssal plain contourites. In: Rebesco M, Camerlenghi A (eds.), Contourites.
Developments in Sedimentology. Amsterdam: Elsevier, pp. 345–378;(D) modified from Alonso B, Canals M, Palanques A, Rehault JP (1995) A deep-sea channel in
the northwestern mediterranean sea: Morphology and seismic structure of the Valencia channel and its surroundings.Marine Geophysical Researches 17: 469–484.
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16 Deep Sea Sedimentationwhich are characterized by very fine lithogenous particles from emerged areas transported great distances by wind and ocean
currents (Fig. 8A). Pelagites and hemipelagites are seismically recognized because they form uniform blankets internally defined by
well-layered stratified facies with reflections of low acoustic amplitude, which contribute to draping the seafloor (Sangree
et al., 1978).
Mid-ocean channels, also known in the literature as “abyssal channels,” “mid-ocean canyons,” “deep sea channels” or “interplain
channels,” represent the large geomorphic submarine conduits through which large volumes of terrigenous materials are trans-
ported, commonly by turbidity currents, to bathyal domains (Heezen et al., 1969; Carter, 1988) (Fig. 8B). Their lengths are variable,
from 400 km in the NW Mediterranean Sea (e.g., Valencia channel, Alonso et al. (1995)) to 3800 km in the Labrador Sea (e.g., the
Northwest Atlantic mid-ocean channel (NAMOC), Hesse (1995)). Mid-ocean channels are characterized by a low axial gradient
(mean of 0.07), relief from 50 to 650 m, and widths from 4 to 30 km (Table 4). They are commonly leveed channels displaying a
U-shaped cross section that may change to V-shaped if a change in the sedimentary regime occurs (Carter and Carter, 1988; Baraza
et al., 1997, 2000) (Fig. 8D). Their locations are controlled primarily by inherited basement relief and by rates and patterns of
lithospheric subsidence and sedimentation during their evolution. Their formation and deepening are mostly attributed to the
erosive power of turbidity currents and related mass flows (Griggs and Kulm, 1970; Cherkis et al., 1973; Lonsdale et al., 1981; Carter
and Carter, 1987) (Fig. 8E). The large volumes of terrigenous materials transported by those sediment-gravity flows are deposited at
their mouths, which commonly develop deep sea fans (Fig. 8B and C). In themore distal sectors of some channels, a progressive loss
of activity is due to the interaction of flows with bottom currents and pelagic settling that can partially infill the channel floor
(Thornburg and Kulm, 1987; Lewis, 1994; McDonagh et al., 2002; Morozov et al., 2003) (Fig. 8D and E).
Polymetallic nodules and crusts are marine mineral deposits distributed in all deep areas of the world ocean; nodules mostly at
depth of 4000–6000 m and crusts may found at the 800–3000 m (Pautot and Melguen, 1975; Margolis and Burns, 1976; Pautot
and Melguen, 1979; Glasby et al., 1982; von Stackelberg and Beiersdorf, 1991) (Fig. 8A). They require specific conditions for their
genesis and growth, such as extremely low sedimentation rates, exposed hard surfaces on the flanks of seamounts and abyssal hills
(for crusts), and bottom current activity to inhibit sedimentation (von Stackelberg and Beiersdorf, 1991; Glasby et al., 2015).
Nevertheless, recent studies have pointed out that in the removal of sediment, epibenthic biological activity seems to be more
important than bottom water current action (Dutkiewicz et al., 2020).5 Major controlling factors
The genesis and evolution of the above deep marine sedimentary systems are controlled by the interplay of several factors with
global, regional and local influences. Global/regional factors, which are mostly related to the climate, include sea level fluctuations,
water mass circulation (formation of water masses, intensity of bottom circulation, etc.), and dynamics of ice masses. These three
factors directly govern the sediment supply, i.e., the source and volume arriving in deep environments. Regional/local factors are
mostly related to the tectonic framework and its influence on the local basin configuration and seafloor morphology (Fig. 9).5.1 Sea level fluctuations
Sea level fluctuations are one the main factors controlling the building of deep sea sedimentary systems (e.g., Vail et al., 1977;
Shanmugam and Moiola, 1982; Posamentier and Vail, 1988; Ducassou et al., 2009). This is because such fluctuations have at least
three simultaneous effects on the continental margin: (1) to create or destroy the sediment accommodation space; (2) to govern the
variations in clastic input from rivers and shorelines; and (3) to promote the back-and-forth movement of all sedimentary processes
along the continental margin with the exception of those related to plate tectonics. These effects impact the morphosedimentary
architecture of deep marine sedimentary systems, mainly during sea level falls and lowstands when there is a large supply and an
intense transport of sediments from the continent to the bathyal environment (Posamentier and Vail, 1988; Posamentier
et al., 1991).
The occurrence of mass-transport processes is considered important in lowstand conditions of sea level due to the seaward
increase in sediment flux rates and deposition on the relatively steeper seafloor of the continental slope (Piper et al., 1997; Brami
et al., 2000). Some works have also suggested that fast, high sea level rises may favor the occurrence of mass-transport by
contributing to an increase in the overpressure in sediments (e.g., Lee, 2009; Smith et al., 2013). In general, the relatively lowstand
stages also result in periods of active growth of turbidite systems and mid-ocean channels with thicker and coarser turbidites and
related mass flow deposits; in contrast, the highstand stages lead to periods with reduced growth and preferential deposition of
(hemi)pelagites and/or their reworking by bottom currents (Weaver and Kuijpers, 1983; Alonso et al., 1990; Alonso and Ercilla,
2002; Kenyon et al., 2002; Ercilla et al., 2019a). Recent studies have reported significant turbidity current activity during periods of
sea level rise and highstands associated with interglacial periods, mainly due to the increased supply of river sediments in response
to wetter climatic conditions and the presence of deltas or estuaries directly connected to submarine canyons, allowing a continuous
transfer of sediment between rivers and turbidite systems (Kolla and Perlmutter, 1993; Babonneau et al., 2002; Weber et al., 2003;
Carvajal and Steel, 2006; Ducassou et al., 2009).
In the case of contourites, eustatic fluctuations may affect the water depth at places where they develop and the sediment sources
and grain sizes available (Faugères and Stow, 2008; Juan et al., 2016). On the other hand, the influence of eustatic sea level changes
is difficult to discern in volcaniclastic aprons, as volcanic activity can alter “normal” basin sedimentation by erupting large volumes
Table 4 Main mid-ocean channels displaying their locations and geometric parameters.
Mid-Ocean Channel References Ocean Pathway Channel
Head End End
Fan
Length (km) Wfl (km) Wc (km) Relief (km) End wd (m) Axial slope ()
1. NAMOC Carter (1988) NW Atlantic Greenland CS Shom AP No 3800 1.5–7.5 6–16 100–200 5000 0.03–0.04
2. Maury Carter (1988) NE Atlantic Upper Rockall B Iberian AP Yes 3500 3–10 5–15 100–300 5300 0.06–0.11
3. Vidal Baraza et al. (2000) NW Atlantic Demera AP Barracuda AP No 800 0.5–1.5 5–7 100–200 5400 0.05
4. EAMOC Baraza et al. (1997) W Atlantic Brazil CS F. Noronha FZ No 1275 2–4 4–8 50–200 5330 0.06
5. Surveyor Carter (1988) NE Pacific Alaska CS Aleutian TR No 700 0.5–3 5–8 100–450 5200 0.06–0.11
6. Cascadia Carter (1988) NE Pacific West U.S. M Tufts AP Yes 2200 0.6–4.5 4–7 40–320 3500 0.01–0.09
7. Toyama Nakajima et al. (1998) NW Pacific Thouma Bay Japan B Yes 750 1–5 7–10 150–300 4700 0.005–0.01
8. Hikurangi Lewis (1994) and Lewis et al. (1998) SW Pacific Chatam CS SW Pacific B Yes 1500 2–10 n.d. 100–440 3400 0.05–0.12
9. Bounty Carter and Carter (1988) SW Pacific Otago M Pacific AP Yes 1000 1–2 5–7 150–650 4500 0.02–0.14
10. Tanzania Bourget et al. (2008) W Indian Mozambique M Somalia AP Yes 1000 5–7 12 60–100 4500 0.08–0.23
11. Zambezi Wiles et al. (2017) and
Miramontes et al. (2019)
W Indian Zambezi M Mozambique B Yes 1600 4–5 n.d. 630–735 5000 0.06–012
12. Valencia Alonso et al. (1995) W Mediterranean Valencia T Balearic AP Yes 400 0.5–4 5–10 200–350 2700 0.10–0.38






Fig. 9 Main factors controlling the development of deep marine sedimentary systems.
18 Deep Sea Sedimentationof material in very short time spans. On constructional volcanic flanks, the formation of an insular shelf, progressively enlarging
with time, interrupts the morphological continuity between the steep subaerial and submarine slopes, modulating the volcaniclastic
input during glacial and interglacial periods, similar to processes on the continental shelf (e.g., Casalbore et al., 2010).5.2 Oceanographic circulation and bottom currents
Over long time scales, the actions of bottom currents generated by semipermanent and intermittent oceanographic processes are
closely related to the long-term flow variability of climatic oscillations and determine the patterns of transport and sedimentation,
including erosion and redistribution of coarse-grained sediments, formation of different types of contourite drifts and a range of
bedforms (e.g., Schönfeld and Zahn, 2000; Hernández-Molina et al., 2008b). Alongslope bottom current processes may also
influence sedimentation in downslope sedimentary systems (mass-transport deposits, turbidite systems, volcaniclastic aprons, and
glacial trough mouth deep marine systems), reaching their maximum expression when sculpting hybrid (or mixed) turbidite and
contourite systems (Brackenridge et al., 2013). This influence is well expressed along continental margins, where the action of
alongslope processes is capable of preventing the development of submarine valleys and turbidite systems (Ercilla et al., 2019a).
This inhibition occurs due to the piracy and dispersion of a large part of the suspended sediment delivered from continental
sediment sources, precluding its convergence and the initiation of erosive downslope sediment-gravity flows. In addition, thermo-
haline oceanographic currents and tidal forcing are common essential factors controlling the drift of icebergs and their grounding as
they move and the glacigenic sediment distribution as they melt (Bjarnadóttir et al., 2016). Bottom currents are also essential for the
building of carbonate mounds because they transport not only the nutrients that ensure the feeding of carbonate organisms but also
sediment that is trapped and fills the framework of coral branches (White et al., 2005; Wienberg and Titschack, 2017; Hebbeln et al.,
2019). At bathyal water depths, the continuous activity of bottom currents is also important to prevent sediments from settling and
avoid the burial of polymetallic nodules, as well as to keep clear the substrate rock outcrops at the seafloor on topographic highs
where polymetallic crusts form. Thus, bottom currents also seem to play an essential role in the distributions of these nodules and
crusts (von Stackelberg and Beiersdorf, 1991; Glasby et al., 2015).5.3 Ice sheet dynamics
The advance and retreat of ice sheets over time controls the sediment supply and sedimentary processes of the deep marine
environment in front of glacial trough mouths. In a general scheme of glaciated margins, ice sheets get as far as the continental shelf
break as fast-flowing ice streams during full glacial conditions when sea level falls, delivering to the deep basins high amounts of
glacigenic sediments that favor the active growth of the glacial trough mouth sedimentary systems, contributing to the progradation
of continental margins and the transport of sediments to adjacent bathyal domains. Consequently, in these scenarios, the deep
marine environments are mainly affected by glaciomarine and marine sedimentary processes (e.g., Larter and Cunningham, 1993;
Alley et al., 1997; Elverhøi et al., 1997; Ó Cofaigh et al., 2006). During these stages, the thermal regime of the ice sheets determines
in which directions glacigenic debris is transported, governing the resulting sedimentary facies in marine environments (Hambrey
and Glasser, 2012). In contrast, the interglacial stages imply recession of the ice cap, sea level rise, and deep sea environments
therefore evolve to areas of sediment nondeposition or bypass, so that marine sedimentary processes (mainly (hemi)pelagic settling
and bottom currents action) are dominant. In these stages, iceberg melting commonly induces the accumulation of ice-rafted debris
in bathyal settings along the drift routes (Anderson et al., 1980; Barnes et al., 1982; Weber et al., 2019).
Deep Sea Sedimentation 195.4 Tectonic and related morphology
The ways in which tectonics influences the seafloor geomorphology vary in terms of time and space (Miall, 2013). Regional
tectonics control the basin geometry and size and modify the seafloor topography, creating highs and depressions that influence the
sediment entry points, the routes of sedimentary processes, and the locations, spatial trends and strata patterns of erosive and
depositional morphosedimentary features (Alonso et al., 1995; Bailleul et al., 2007; Deville et al., 2015; Liu et al., 2020, 2021).
Tectonics determine the long-term trends of relative sea level changes (multicycle time scales) and influence the widening of the
continental shelves over long time scales and, consequently, the sediment-transfer zones between terrestrial source areas and deep
sea environments (Chiocci et al., 1997). All these elements greatly condition the morphology and sedimentary stacking patterns of
deep marine sedimentary systems as well as the loci, dimensions and thicknesses of their sedimentary depocenters (Prieto et al.,
1998; Richards et al., 1998; Faugères and Stow, 2008; García et al., 2015; Juan et al., 2016). Tectonics also govern the opening and
closing of oceanic gateways (Heinze and Crowley, 1997), impacting water mass circulations, sediment distributions and seafloor
reworking, with great influence on the regional onset and evolution of contourite systems (Martos et al., 2013; Pérez et al., 2019).
Likewise, tectonics may induce lateral and longitudinal sediment migration or trapping of sedimentary systems bymeans of tectonic
subsidence, uplift or tilting. Subsidence favors thick depocenters (Ercilla and Alonso, 1996; Ercilla et al., 1998a; García et al., 2008;
Do Couto et al., 2016); uplift and tilting influence the equilibrium profile of margins and favor slope failures. All these parameters
contribute to increased erosion of the upper continental slope and submarine valleys and activate downslope sediment transport
processes (Estrada et al., 1997; Ercilla et al., 1998b; Pirmez et al., 2000; Alonso and Ercilla, 2002; Deville et al., 2015; Do Couto
et al., 2016).
Local tectonics may also produce seafloor relief (e.g., ridges, scarps and depressions) that can act as barriers to sediment
transport, modify dispersal trajectories or even act as a source of sediment, triggering mass-transport deposits (Talling et al.,
2007; Leeder, 2011). Local changes in the equilibrium profile of a submarine valley due to a fault scarp commonly generate
knickpoints that result in upstream erosion of the thalweg and downstream deposition (Pirmez et al., 2000; Estrada et al., 2005).
Tectonic seafloor irregularities can also play an important role in local water mass distributions, favoring turbulent and faster
bottom current branches that locally rework the seafloor and decreasing velocities that cause primary sedimentation of suspended
particles transported over long distances (Rebesco and Camerlenghi, 2008; Ercilla et al., 2016; Juan et al., 2020). In addition, faults
may induce fluid focusing and migration, controlling the locations and/or regional distributions of carbonate mounds (Hovland
et al., 1994).6 Deep sea sedimentation models
The different sedimentary processes as well as their controlling factors explain the geomorphic features of sedimentary systems
shaping modern deep sea environments. The prevalence of the spatial distribution of some systems allows to configure different
sedimentary scenarios defining deep sea sedimentation patterns on the continental margins and adjacent abyssal domains (Fig. 10).
We focus on the North Atlantic Ocean and westernmost Mediterranean Sea (near the Strait of Gibraltar) where four models were
defined by Weaver et al. (2000) and Benetti (2006).6.1 Glacial margins. Prevalence of glacial trough mouth systems and contourites
These margins occur at high latitudes (north of 43–56) and are mostly composed of glacial trough mouth deep marine systems
(i.e., trough mouth fans, mass-transport deposits, submarine valleys, turbidite systems) which may extend down to bathyal
domains where the NAMOC and Maury mid-ocean channel develop (Fig. 10A and B). The formation of all those systems is
influenced by glaciomarine and marine sedimentary processes that contribute to the downslope transport of the englacial and
subglacial sediments, mostly delivered from ice stream mouths positioned at the shelf break during the late Quaternary glacial
periods. Mass-transport deposits (e.g., debris flows and slides) and some large-scale turbidity flows represent the main marine
processes. Glacial trough mouth systems appear to be shaped by iceberg plough marks scoured during the landward retreat of ice
masses and the drifting of icebergs with oceanic circulation and winds.
It is worth noting that mass-transport complexes are dominant in the eastern North Atlantic, and valleys and turbidite fans are
dominant in the western North Atlantic (Fig. 10A). The causes of these different patterns involve several factors: the latitudinal
control of the thermal regime in ice streams and therefore the glacial drainage systems supplying sediment to the continental slope;
the presence or lack of factors favoring the triggering of slope failures (e.g., stratigraphic boundaries acting as failure surfaces; Laberg
and Vorren, 2000; Haflidason et al., 2003); the ratio of the shelf break width to the ice mass extent because it conditions the
proximity of the ice stream mouths to the continental slope during glacial periods; the ice stream distribution; and the strength of
oceanic currents (Hesse, 1992; Wang and Hesse, 1996; Hesse et al., 1997).
The distal margins and adjacent bathyal domains in the northern and western North Atlantic are also dominated by complex and
large contourite systems formed by either the North Atlantic Deep Water (NADW) or the Western Boundary Undercurrent (WBUC)
composed of the NADW and the Antarctic Bottom Water (AABW) (Faugères et al., 1993) (Fig. 10A and B). The contourite
distributions are conditioned by the seafloor morphology, which is shaped by structural troughs, banks, ridges, and plateaus
creating complex circulation of bottom currents (Stow and Holbrook, 1984; Faugères et al., 1993; Tucholke, 2002; Shanmugam,
Fig. 10 Deep sea sedimentation models in the North Atlantic Ocean and nearby Mediterranean. (A) Map showing the main deep marine sedimentary systems. The
lateral color bars refer to the latitudinal limits of the sedimentation models. Their color matches with color of the titles defining the type of sedimentation model
displayed in B–F. (B) General 3-D sketch of the glacial margins and adjacent abyssal plains. (C) General 3-D sketch of the glacially influenciated margins and
adjacent abyssal plains. (D) General 3-D sketch of the nonglacially influenciated margins and adjacent abyssal plains in the eastern North Atlantic. (E) General 3-D
sketch of nonglacially margins nearby oceanographic gateways. (F) General 3-D sketch of the nonglacially influenciated margins and adjacent abyssal plains in the
western North Atlantic. Modified from Carter RM (1988) The nature and evolution of deep-sea channel systems. Basin Research 1: 41–54.; Zaragosi S, Auffret GA,
Faugères JC, et al. (2000) Physiography and recent sediment distribution of the celtic deep-sea fan, bay of Biscay. Marine Geology 169: 207–237; Weaver PPE,
Wynn RB, Kenyon NH and Evans J (2000) Continental margin sedimentation, with special reference to the North-East Atlantic margin. Sedimentology 47: 239–256;
Benetti S (2006) Late Quaternary Sedimentary Processes along the Western North Atlantic Margin. Doctoral Dissertation. University of Southampton Southampton,
UK; Hernández-Molina FJ, Llave E, Preu B et al. (2014) Contourite processes associated with the Mediterranean outflow water after its exit from the strait of Gibraltar:
Global and conceptual implications. Geology 42: 227–230; Ercilla G, Casas D, Vázquez JT, et al. (2011) Imaging the recent sediment dynamics of the Galicia Bank
region (Atlantic, NW Iberian Peninsula). Marine Geophysical Research 32: 99–126, Ercilla G, Juan C, Hernández-Molina FJ, et al. (2016). Significance of bottom
currents in deep-sea morphodynamics: An example from the Alboran Sea. Marine Geology 378: 157–170; Liu S, Van Rooij D, Vandorpe T, et al.
(2019) Morphological features and associated bottom-current dynamics in the Le Danois Bank region (southern Bay of Biscay, NE Atlantic): A model in a
topographically constrained small basin. Deep Sea Research Part I: Oceanographic Research Papers 149: 103054.
20 Deep Sea Sedimentation2013a; Boyle et al., 2017). Contourite sedimentation occurs during glacial and interglacial stages, although in the distal margins
interglacials seem to be preferential periods because the downslope activity decreases (Heirman et al., 2019).6.2 Glacially influenced margins. Prevalence of submarine valleys and turbidite systems, and asymmetric geographic sedimentation
in mass-transport deposits and contourites
These margins occur mainly at latitudes between 56N and 37N in the eastern North Atlantic and latitudes between 43 and 33 in
the western North Atlantic (Fig. 10A and C). The two margins show similarities and differences. The similarity is that they have
submarine valleys (canyons and gullies) and turbidite systems that contribute to infill with turbidites the adjacent abyssal plains
(Belderson and Kenyon, 1976; Zaragosi et al., 2000; Benetti, 2006; Mulder et al., 2012; García et al., 2015) (Fig. 10A). These systems
are fed by canyons whose locations are controlled by river mouth positions, structural features and basement topography (e.g.,
faults and grabens) (Mulder et al., 2012; Ercilla et al., 2008; Obelcz et al., 2014). The injection of sediments into turbidite systems
comes mostly from river floods, from important longshore coastal drift and tidal systems, and from surface current circulation (such
as the Gulf Stream in the western North Atlantic) when they all interact with canyon heads (Weaver et al., 2000; Benetti, 2006 and
references therein). The development of architectural elements is variable and characterized mainly by multiple feeding canyons
linked to large channelized lobes that extend down to the adjacent abyssal plains. Both valleys and turbidite systems were sculpted
Deep Sea Sedimentation 21mainly during the relatively longer stages of glacioeustatic sea level fall and lowstand stages in the late Quaternary and were scarcer
during the faster interglacial transgressive and short-lived highstand stages because sedimentation was limited (Chiocci et al., 1997;
Ercilla et al., 2008; Mulder et al., 2011).
The western North Atlantic margin shows better development of complexes of mass-transport deposits than does the north-
eastern margin, which is related to the presence of seismically active structural features and fluid dynamics (Booth et al., 1994;
Maslin et al., 2004) (Fig. 10A and C). Another additional difference is that the western North Atlantic deep environments are
affected by the WBUC and AABW contributing to relatively important contourite sedimentation (Stow and Holbrook, 1984;
Faugères et al., 1993; Shanmugam, 2013b) (Fig. 10A). Bottom currents here interacted with downslope sedimentary processes
during the glacial lowstand stages that affected turbidite system development (Cleary et al., 1985). In contrast, the contourites in the
European Atlantic are much less widespread and occur mostly along the continental slope under the action of intermediate water
masses, mainly the Mediterranean Outflow Water (MOW), when it interacts with seamounts (e.g., Van Rooij et al., 2010; Ercilla
et al., 2011; Liu et al., 2020).6.3 Nonglacially influenced margins. Prevalence of mass-transport deposits and volcanic aprons
These margins occur mainly at latitudes south of 35N in the eastern North Atlantic (Fig. 10A and D). The margins and bathyal
domains are mostly composed of complexes of mass-transport deposits built during the late Quaternary (Weaver et al., 2000;
Benetti, 2006 and references therein). The most outstanding systems involve large, open slope mass-transport systems (including
slumps, debris avalanches, debrites and megaturbidites) (Fig. 10A and D). These processes are characterized by long run-outs that
transport sediment coming from the NW African margin and important volumes of volcaniclastic sediment from the Cabo Verde
and Canary islands (Kidd et al., 1987; Weaver et al., 1992; Gee et al., 2001; Masson et al., 2002). The megaturbidites infill the
intraslope basins dotting the African margin, bypassing them and arriving at the deep abyssal plains where muddy ponded sheet-
and lobe-like turbidite deposits accumulate (Ercilla et al., 1998a; Weaver et al., 1998; Wynn et al., 2000). The triggering of all
mass-transport events is related to the evolution of active volcanic islands but remains poorly understood for large events sourced
from the African margin. Their occurrence seems to be coincident with glacial and mainly nonglacial periods, when the depositional
rates of sediment sourced from the western Sahara Desert by eolian transport and from an important upwelling productive system
are the greatest (Sarnthein et al., 1992; Bertrand et al., 1996; Weaver et al., 2000; Bozzano et al., 2002; Georgiopoulou et al., 2010).6.4 Nonglacial margins and oceanographic gateways. Prevalence of contourite sedimentation
These features occur where the Atlantic Ocean connects with the Mediterranean Sea through the Strait of Gibraltar, mainly at
latitudes between 37N and 35N in the eastern North Atlantic (Fig. 10A and E), and at latitudes south 33N in the western North
Atlantic (Fig. 10A and F). Despite their different onshore and offshore geological contexts, the common facts on both margins are
that their deep sea environments are mostly characterized by contourite systems and that downslope sedimentary systems occur at a
smaller scale than on the rest of the margins. This situation occurs because these areas are characterized by a deep sea environment
swept by energetic circulation where bottom currents can erode, transport and deposit sediments to form contourite systems. The
Strait of Gibraltar plays an important role in the interchange between the Atlantic and Mediterranean waters (Millot et al., 2006),
and the bottom currents, mostly of Mediterranean waters, form a great variety of contourite features (erosive and depositional) in
the deep sea environments of the Atlantic (continental slope of the Gulf of Cadiz) and Mediterranean (margins and basins of the
Alborán Sea) sides (Hernández-Molina et al., 2006; Ercilla et al., 2016) (Fig. 10A and E). On the other hand, on the western North
Atlantic starved margin, the current systems of the Gulf Stream, the WBUC and the AABW also contribute to the formation of
variable contourite features, whose development is conditioned by the sediment availability (most comes from the north),
interaction with seafloor morphology and related variations in energy and velocity (Mullins et al., 1980; Stow and Holbrook,
1984; Faugères et al., 1993; Tucholke, 2002; Benetti, 2006) (Fig. 10A and F).
This article provides a synthesis of sedimentation in deep marine environments, with descriptions of the main clastic sedimen-
tary systems. Submarine environments host a great variety of landforms that shape a complex and distinctive geomorphology. The
variability and evolution of these systems is linked to global, regional, and local factors including climate, sea level, water mass
circulation, ice mass dynamics, and tectonics. The interaction of these parameters in time and space condition the main types of
sediment that reach the deep sea areas, the main transport and sedimentation mechanisms, and the different sedimentation models
we see in modern deep sea environments.References
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